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Table S1. MP2(B3LYP)/aVDZ zero-point energy (ZPE) corrected binding energies (-∆E0), binding enthalpies (-

∆Hr) and free binding energies (-∆Gr) [in kJ/mol] at room temperature and 1 bar for various conformers of inorganic 

acid
…

water complexes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

acid
…

water conformer -∆E0 -∆Hr -∆Gr 

HBO2
…

H2O A 33.9(32.3) 35.7(34.1) 6.0(4.5) 

H3BO3
…

H2O ADOH 28.2(22.0) 30.4(24.1) -6.7(-12.9) 

HCN
…

H2O AH 18.8(16.6) 18.7(16.7) -5.0(-8.3) 

 DN 12.6(9.4) 13.4(10.2) -11.1(-14.4) 

HNO2
…

H2O A(DO) 23.6(21.1) 25.2(22.7) -8.7(-11.1) 

 A 22.3(20.2) 23.0(20.7) -6.5(-8.6) 

 DOH 10.7(-) 10.5(-) -14.6(-) 

 DO 5.1(2.3) 4.1(1.6) -17.4(-20.6) 

HNO3
…

H2O ADO 34.1(31.4) 35.9(33.5) 0.0(-2.5) 

 DOHWNO 12.4(-) 11.0(-) 13.2(-) 

 DO
2
 7.5(3.4) 6.4(2.4) -12.8(-20.6) 

 DO 6.7(3.3) 5.8(2.2) -17.2(-20.5) 

P(OH)3
…

H2O ADOHWPO 30.4(21.3) 33.3(24.2) -6.0(-15.1) 

 A 11.5(7.3) 11.3(7.0) -14.0(-18.2) 

H3PO3
 …

H2O ADOWPO 45.4(37.5) 47.4(41.4) 6.6(0.1) 

 ADOHWPO 25.4(19.1) 28.0(21.5) -10.2(-15.1) 

 DOH
2
WPO 13.4(5.6) 13.6(5.1) -19.0(-22.5) 

 DOHWPO 12.7(6.6) 12.7(6.3) -16.4(-21.0) 

H3PO4
…

H2O ADOWPO 44.0(37.5) 47.5(41.2) 8.1(1.0) 

 ADOHWPO 30.3(23.0) 32.9(25.5) -5.2(-12.0) 

H2S
…

H2O DS 8.0(4.4) 8.5(5.1) -14.9(-17.7) 

 AH 8.0(4.4) 7.7(4.0) -14.3(-15.9) 

(HO)2SO
…

H2O A
2
DOWSO 37.4(28.1) 41.2(31.6) -0.7(-8.2) 

 ADOWSO 34.6(27.5) 38.0(31.0) -2.4(-9.4) 

 ADOHWSO 27.9(19.5) 30.2(21.5) -7.8(-16.2) 

 DOH
2
WSO 12.2(3.9) 12.3(3.3) -19.4(-23.3) 

 DOHWSO 10.3(5.2) 9.9(4.5) -16.0(-18.8) 

H2SO3
…

H2O ADOWSO 42.1(36.4) 45.2(39.6) 6.5(0.8) 

 ADO
2
WSO 22.7(-) 22.5(-) -5.7(-) 

 AH 21.2(17.8) 19.8(16.6) -3.3(-8.5) 

H2SO4
…

H2O ADOWSO 43.5(37.0) 46.3(38.8) 7.8(1.6) 

 A
2
DOWSO 37.1(26.8) 40.1(29.6) 0.3(-7.8) 

 DO 7.2(2.9) 5.9(1.0) -16.4(-15.7) 

H2Se
…

H2O DSe 8.8(3.4) 9.1(4.1) -14.2(-19.2) 

 AH 7.1(3.0) 6.4(2.0) -14.6(-15.6) 



Table S2. MP2(B3LYP)/aVDZ zero-point energy (ZPE) corrected binding energies (-∆E0), binding enthalpies (-

∆Hr) and free binding energies (-∆Gr) [in kJ/mol] at room temperature and 1 bar for various conformers of 

monohydrated inorganic acids containing halogen atoms. 

 

 

acid
…

water conformer -∆E0 -∆Hr -∆Gr 
HF

…
H2O AH 26.3(26.8) 30.8(31.1) 1.0(1.6) 

HCl
…

H2O AH 17.5(14.6) 20.7(18.0) -7.4(-10.6) 
HClO

…
H2O A 24.8(21.6) 26.3(23.1) -1.8(-5.7) 

 EClO 8.8(5.3) 8.2(4.7) -19.0(-22.3) 
HClO2

…
H2O ADOEClO 35.5(31.2) 38.7(34.4) -0.7(-4.9) 

 DOWClO 15.2(11.5) 15.9(11.8) -13.9(-15.6) 
 DOHEClO 15.8(6.7) 16.0(6.2) -15.2(-22.0) 
HClO3

…
H2O ADOWClO 30.0(29.1) 33.3(32.4) -6.1(-6.7) 

 DOHEClO 21.2(8.7) 22.0(8.3) -11.4(-21.5) 
 DO

2
EClO 18.4(10.7) 17.5(9.8) -9.4(-17.1) 

 DOH 12.5(-) 12.5(-) -14.1(-) 
HClO4

…
H2O ADO

2
WClO 39.4(35.6) 41.9(37.7) 4.9(3.6) 

 ADOWClO 37.7(34.1) 40.0(36.3) 3.4(0.0) 
 DO 6.5(1.6) 4.9(-0.1) -15.0(-21.0) 
HBr

…
H2O AH 15.3(11.5) 17.9(14.3) -9.2(-13.3) 

 WBrO 3.9(0.5) 3.9(-0.3) -15.7(-14.0) 
HBrO

…
H2O A 24.1(19.7) 25.4(21.0) -0.4(-7.6) 

 EBrO 16.1(10.9) 15.8(10.9) -13.4(-18.9) 
 DOH 11.5(-) 12.0(-) -13.5(-) 
HBrO2

…
H2O ADOWBrO 38.5(32.8) 41.5(34.4) 2.1(-5.0) 

 DOEBrO 22.6(14.7) 23.0(15.2) -9.5(-17.7) 
 DOWBrO 19.8(14.2) 20.8(14.6) -10.3(-11.8) 
 DOHEBrO 20.9(10.2) 21.3(10.0) -11.8(-20.4) 
HBrO3

…
H2O ADOWBrO 37.1(32.6) 40.6(36.2) 1.0(-4.0) 

 DO
2
EBrO 27.2(18.2) 27.5(18.6) -5.2(-14.2) 

 DODOHEBrO 26.2(14.8) 27.2(15.3) -8.3(-17.8) 
HBrO4

…
H2O ADOWBrO 44.0(37.2) 47.1(40.5) 7.8(0.2) 

 ADOWBrO 42.6(36.8) 45.5(40.1) 7.1(0.3) 
HI

…
H2O AH 11.6(6.3) 12.9(7.8) -10.7(-16.5) 

 DI 11.1(3.5) 12.2(3.5) -10.1(-15.1) 
 WIO 7.6(4.2) 7.6(5.1) -12.5(-18.7) 
HIO

…
H2O EIO 24.7(22.0) 24.7(22.5) -6.1(-9.3) 

 A 21.8(16.7) 22.8(17.9) -4.3(-10.7) 
 DOH 17.5(11.0) 18.8(12.0) -10.3(-16.4) 
HIO2

…
H2O ADOWIO 44.4(32.2) 47.6(35.0) 7.7(-3.9) 

 DOEIO 34.4(26.8) 36.1(28.7) -0.7(-8.7) 
 DOWIO 29.6(21.4) 31.0(22.3) -1.9(-8.4) 
 DOHEIO 28.8(17.5) 29.8(18.2) -5.4(-15.9) 
HIO3

…
H2O ADOWIO 43.0(36.1) 47.3(40.5) 4.3(-3.3) 

 DO
2
EIO 37.6(31.0) 39.2(32.5) 3.7(-3.5) 

 DODOHEIO 33.7(23.1) 36.2(25.4) -4.4(-14.9) 
HIO4

…
H2O ADOWIO 46.1(39.8) 49.6(43.3) 11.4(3.0) 

 DOH
2
EIO 30.5(24.1) 32.7(26.4) -7.0(-13.6) 

 

 

 

 

 



 Table S3. MP2(B3LYP) binding energies (-∆Ee), zero-point energy (ZPE) corrected binding energies (-

∆E0), binding enthalpies (-∆Hr) and free binding energies (-∆Gr) [in kJ/mol] at room temperature and 1 

bar for various conformers of HBrOn=0-4
…

water complexes where the aVDZ basis set was used except for 

bromine for which the CRENBL ECP basis set was employed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

acid
…

water Conformer -∆Ee -∆E0 -∆Hr -∆Gr 
HBr

…
H2O AH 23.6(18.2) 15.7(11.3) 18.4(13.6) -8.9(-12.8) 

 WBrO 5.8(3.5) 2.6(-0.3) 1.7(-0.6) -11.9(-17.9) 
HBrO

…
H2O A 30.6(27.0) 22.0(18.7) 23.3(20.0) -6.2(-9.2) 

 EBrO 21.6(18.0) 16.7(13.2) 16.1(13.1) -12.0(-16.4) 
 DOH 24.2(-) 16.1(-) 17.6(-) -12.3(-) 
HBrO2

…
H2O ADOWBrO 56.0(44.6) 45.0(34.2) 48.6(37.6) 7.8(-2.6) 

 DO EBrO 33.8(24.5) 27.7(17.8) 27.9(18.5) -1.3(-14.3) 
 DOWBrO 34.9(25.4) 26.7(18.2) 28.1(19.0) -4.5(-10.9) 
 DOH EBrO 31.6(20.1) 25.4(13.9) 25.9(14.2) -7.2(-17.7) 
HBrO3

…
H2O ADOWBrO 49.4(43.9) 38.0(32.5) 41.8(36.7) 1.1(-6.5) 

 DO
2
 EBrO 35.4(26.8) 29.0(20.2) 29.5(20.8) -3.2(-12.0) 

 DODOH EBrO 36.7(24.8) 29.5(17.7) 30.5(18.6) -4.3(-16.0) 
HBrO4

…
H2O ADOWBrO 55.3(47.9) 44.4(37.7) 47.9(41.2) 6.8(-1.9) 

 ADOWBrO 53.3(47.9) 43.2(37.7) 46.4(41.2) 6.9(-0.5) 



Table S4. MP2/aVDZ scaled harmonic (ν
S
) (scaled by 0.957) and anharmonic vibrational frequencies 

(ν
anh

) of -OH stretching modes [cm
-1

] for the most stable conformers. The subscripts denote IR intensities 

[10 km/mol]. The underlined values correspond to –OH vibrations of OH group which is not involved in 

hydrogen bond formation. 

 

 

 

acid
…

water Structure ν
s
 ν

anh 

HBO2
…

H2O A  3298130 36312 375211 3275130 36182 372511 

H3BO3
…

H2O ADOH 346440  355722 36877 369116 372912 344140 353522 36667 367116 370812 

HCN
…

H2O AH  321236 37649 320036 37259 

HNO2
…

H2O A(DO) 317161 36141 374410 315761 36011 372410 

HNO2
…

H2O A 332482 36262 374910 331882 36112 372810 

HNO3
…

H2O ADO 3143100 36082 373812 3067100 35892 371312 

HF
…

H2O AH 36351 375611 36171 373411 

P(OH)3
…

H2O ADOWPO 326154 354414 36299 364610 370610 320954 352714 36099 363110 368010 

H3PO3
…

H2O ADOHWPO 319169 342842 362912 371611 310669 338042 360712 369311 

H3PO4
…

H2O ADOWPO 318776 344537 363812 364111 371511 310376 339837 361712 362111 369211 

H2S
…

H2O DS 358215 373816 357615 372016 

H2S
…

H2O AH 36341 37618 36151 37398 

(HO)2SO
…

H2O A
2
DOWSO 34160 342624 349127 372211 33600 336424 346527 369111 

(HO)2SO
…

H2O ADOWSO 307177 349917 35618 370810 297877 346717 35378 368110 

H2SO3
…

H2O A
2
DOWSO 3037116 355010 371814 2945116 352310 369214 

H2SO4
…

H2O ADOWSO 3038117 35628 357212 372014 2946117 35418 354412 369414 

H2Se
…

H2O DSe 357918 373615 357018 371815 

HCl
…

H2O AH  36242 37459 36082 37289 

HClO
…

H2O A 334071 36272 375010 333471 36152 372810 

HClO2
…

H2O ADOEClO 326445 347725 37239 320545 345125 37029 

HClO3
…

H2O ADOWClO 310571 35804 371610 306371 35664 369210 

HClO4
…

H2O ADO
2
WClO 3034106 36042 372611 2965106 35862 369711 

HClO4
…

H2O ADOWClO 3053110 36062 373512 3008110 35872 371112 

HBr
…

H2O AH 36262 37519 36122 37349 

HBrO
…

H2O A 334772 36272 37509 333372 36212 37319 

HBrO2
…

H2O ADOWBrO 327530 343727 372310 320530 339527 370210 

HBrO3
…

H2O ADOWBrO 304780 353210 370911 296780 350310 368511 

HBrO4
…

H2O ADOWBrO 2995108 35903 372012 2881108 35683 369212 

HBrO4
…

H2O ADOWBrO 2960130 35893 372814 2887130 35683 370114 

HI
…

H2O AH 36272 37548 36132 37368 

HI
…

H2O DI 360313 374217 358313 371717 

HIO
…

H2O EIO 36119 36223 374810 35929 36053 372610 

HIO
…

H2O A 340662 36291 37539 340162 36091 37259 

HIO2
…

H2O ADOWIO 33112 336562 37199 32372 329362 36959 

HIO3
…

H2O ADOWIO 306075 344526 370511 294275 339526 367911 

HIO4
…

H2O ADOWIO 2906140 35518 371615 2730140 35168 368915 



Table S5. MP2/aVDZ scaled harmonic (ν
S
) (scaled by 0.957) vibrational frequencies of -OH stretching 

modes [cm
-1

] for less stable conformers. The subscripts denote IR intensities [10 km/mol]. The underlined 

values correspond to –OH vibrations of OH group which is not involved in hydrogen bond formation. 

 

 

acid
…

water conformer ν
s
 

HCN
…

H2O DN 359419 374314 

HNO2
…

H2O A 332482 36262 374910 

 DOH 35669 359512 374414 

 DO 34104 36219 375316 

HNO3
…

H2O DOHWNO 35469 36311 37587 

 DO
2
 354010 36295 37478 

 DO 353811 37809 391916 

P(OH)3
…

H2O A 341282 36281 36399 36429 37529 

H3PO3
 …

H2O ADOHWPO 332072 35906 362212 373813 

 DOH
2
WPO 361814 361912 36240 37417 

 DOHWPO 36106 362313 362510 375012 

H3PO4
…

H2O ADOHWPO 325783 35915 363112 363912 372712 

H2S
…

H2O AH 36341 37618 

(HO)2SO
…

H2O ADOWSO 307177 349917 35618 370810 

 ADOHWSO 330856 35148 35796 373513 

 DOH
2
WSO 35186 352010 36241 37426 

 DOHWSO 35166 351810 36155 375112 

H2SO3
…

H2O ADO
2
WSO 357512 36171 37378 

 AH 357511 36272 37529 

H2SO4
…

H2O A
2
DOWSO 34471 346945 35736 373113 

 DO 357110 357516 361011 374716 

H2Se
…

H2O AH 36331 37618 

HClO
…

H2O EClO 35897 36281 37558 

HClO2
…

H2O DOWClO 352813 353920 373712 

 DOHEClO 35256 35984 374611 

HClO3
…

H2O DOHEClO 35056 355411 373511 

 DO
2
EClO 34946 36262 37518 

 DOH 34957 357121 373814 

HClO4
…

H2O ADOWClO 3053110 36062 373512 

 DO 350411 36363 376115 

HBr
…

H2O WBrO 36361 37647 

HBrO
…

H2O EBrO 35918 36242 37508 

 DOH 35598 358018 374214 

HBrO2
…

H2O DOEBrO 35499 35892 373510 

 DOWBrO 349736 35408 373311 

 DOHEBrO 35378 35962 374211 

HBrO3
…

H2O DO
2
EBrO 34979 36092 37308 

 DODOHEBrO 34948 36101 37308 

HBrO4
…

H2O ADOWBrO 2960130 35893 372814 

HI
…

H2O DI 360313 374217 

 WIO 36371 37648 

HIO
…

H2O A 340662 36291 37539 

 DOH 353230 358311 373313 

HIO2
…

H2O DOEIO 34908 357910 370611 

 DOWIO 340257 357110 372810 

 DOHEIO 35627 35667 373112 

HIO3
…

H2O DO
2
EIO 353911 35723 36909 

 DODOHEIO 351610 35842 37038 

HIO4
…

H2O DOH
2
EIO 353314 35734 369710 


